The ,-lactamases of BaciUus cereus have attracted interest because they are secreted efficiently, because multiple enzymes are frequently present, and because their regulation has unusual features. P-Lactamase I of strain 5/B is produced constitutively at a high level, and the exoenzyme appears to be several thousand daltons larger than the corresponding product of strain 569/H. We have cloned the gene for 5/B 3-lactamase I in Escherichia coli and B. subtilis and have sequenced the structural portion and the regulatory regions. The 5/B enzyme is produced at a low level in E. coli RR1(pRWY200) and remains cellbound. In B. subtilis it is formed in large amounts, and over 90% of it is released into the medium. There is a large degree of homology between the promoter and leader peptide regions of the 5/B and 569/H genes; both utilize UUG as the translation initiation codon (P. S. F. Mezes, R. W. Blacher, and J. 0. Lampen, (J. Biol. Chem. 260:1218-1223 , 1985 . Although there are significant differences in the peptide segment where processing would be expected to occur, the NH2 terminus of the major 5/B product from B. subtilis BD170(pRWY215) is His-44, which is the same as the NH2 terminus of the major 569/H product from B. subdlis BD170(pRWM5).
The synthesis of P-lactamases in Bacillus cereus has been a valuable model of protein secretion in gram-positive bacteria (1, 24) . Strain 569, which has been studied in the most detail, inducibly forms three distinct P-lactamases; spontaneous mutant 569/H is constitutive for the production of all three (23) . 3 -Lactamase I is a class A P-lactamase (2) , preferentially active on penicillins and almost exclusively extracellular. Most of its amino acid sequence was determined by Thatcher (33) , and recently the gene, called penPC, has been cloned in Escherichia coli and B. subtilis and the DNA has been sequenced (19, 30) . P-Lactamase II is also extracellular, but it is a structurally unrelated metallothioprotein (class B [2] ) and is nearly as active on cephalosporin C as on benzylpenicillin. 1-Lactamase III is present both as a membrane-bound glyceride-cysteine lipoprotein and as a processed soluble extracellular enzyme (22) . It preferentially cleaves penicillins and is probably a class A enzyme; antigenically, it resembles the lipoprotein Ilactamase of B. licheniformis 749 more than 1-lactamase I of B. cereus. It is not clear why three different P-lactamases have been retained in strain 569, but there is evidence that they may be part of a regulatory or physical unit (1) .
B. cereus 5, unlike 569, could not be induced to produce P-lactamase, but it regularly yielded P-lactamase-positive mutants (31) . Mutant 5/B is constitutive for the production of ,3-lactamases I and II, but there is no active P-lactamase III (6) , and inactive cross-reacting material was not detected (J. B. K. Nielsen and J. 0. Lampen, unpublished results). Both P-lactamases I and II are produced in large amounts, and greater than 90o of the total activities are found in the culture supematant. P-Lactamase I of strain 5/B is antigenically cross-reactive with the corresponding strain 569 en- (9) were used as recipients for transformation. All Bacillus cultures were grown at 34°C in 2% CH/S medium (25) and were supplemented with 10 ,ug of kanamycin per ml when penicillinase genes were introduced on pUB110 vectors (10) in B. subtilis. E. coli was grown at 37°C in L broth (20) in the presence of ampicillin, tetracycline, or chloramphenicol (20 ,ug/ml) alone or in combination.
Chromosomal and plasmid DNA. Total DNA of B. cereus 5/B was prepared essentially as described previously (8) and plasmid DNA was isolated by CsCl density gradient ultracentrifugation (5) . The plasmid vector for cloning both the 5/B and 569/H penPC genes in B. subtilis was pRWM3, a 4.25-kilobase (kb) pUB110 derivative whose EcoRI site had been removed and from which a ca. 250-base-pair (bp) fragment from the PvuII to BamHI sites had been deleted. The deletion resulted in the regeneration of the unique BamHI site in pRWM3, which was later used for the insertion of the penPC fragments. B. subtilis transformation (8) and plasmid purification (10) were performed as described earlier. Restriction enzymes and DNA-modifying enzymes were purchased from either New England BioLabs, Inc., or Bethesda Research Laboratories, Inc., and were used in accordance with the instructions of the suppliers. BamHI linkers were obtained from New England BioLabs and were used in a 50-fold molar excess when being ligated to blunt-ended fragments of the genes.
Sequencing. The dideoxynucleotide chain termination method of Sanger et al. (26) was used for DNA sequencing of M13 recombinant clones. The NH2-terminal sequence of the purified processed form of 1-lactamase I from B. subtilis(pRWY215) was determined by stepwise Edman degradation of 1 nmol (=30 ,ug) of sample with a gas-phase sequencer (model 470A; Applied Biosystems) (12) . The resulting phenylthiohydantoin amino acids were identified by high-pressure liquid chromatography as described by Hawke et al. (11) . An affinity support column of Nacetylpenicillamine-Sepharose 4B (Pharmacia Fine Chemicals) was used to purify the secreted P-lactamase I from a culture of B. subtilis BD170(pRWY215) (4, 17) .
Nick translation and DNA hybridization. A 1.8-kb Clal DNA fragment from pRWY22 (19) containing the penPC gene from strain 569/H was used to probe the DNA of B. Penicillinase assay, antibody preparation, and polyacrylamide gel electrophoresis. Penicillinase activity was determined by the method of Sargent (27); 1 U is the amount of enzyme hydrolyzing 1 ,umol of benzylpenicillin in 1 h at 30°C. A qualitative plate assay with polyvinyl alcohol and iodine was performed as described previously (28) . The determination of total and secreted penicillinase activities, antibody preparation, immunoprecipitation, and SDSpolyacrylamide gel electrophoresis were performed as previously described (13, 18) . Protein molecular weight markers were from Bethesda Research Laboratories. RESULTS Cloning. Total DNA from B. cereus 5/B was digested with Clal and ligated to pRW33 linearized at the same restriction site. Transformation of E. coli with the ligation mixture gave a single colony that was ampicillin resistant. This clone was also resistant to chloramphenicol and tetracycline. Restriction mapping of plasmid pRWY200 purified from E. coli indicated that 9.5 kb of DNA had been inserted at the Clal site of pRW33. The cloned DNA consisted of two ClaI fragments (Fig. 1 ). The total penicillinase activity of a late-log-phase culture of E. coli(pRWY200) was 30 to 50 U/ml, representing only about 0.4% of the total activity produced by strain 5/B.
Location of the 5/B gene by Southern hybridization. As antibody prepared against the penPC product from B. cereus 569/H strongly cross-reacts with B. cereus 5/B penicillinase, suggesting a high degree of amino acid homology, it was presumed that there would be a corresponding degree of homology at the DNA level. A probe was prepared from the entire B. cereus 569/H genomic (1.8-kb) DNA insert in pRWY22 (19) and was hybridized to various restriction fragments of pRWY200. Those fragments containing, or cut at, the PstI site in the 5.0-kb ClaI fragment of the insert readily hybridized with the probe, indicating that the penPC gene of B. cereus 5/B was present on this ClaI fragment (Fig.  1) BamHI linkers were added. After digestion with BamHI, the DNA was ligated to pRWM3 linearized at the same restriction site, and the mixture was used to transform B. subtilis BD170, which is negative for P-lactamase production. All of the six ampicillin-resistant transformants obtained had plasmid DNA containing the insert in the same orientation. The plasmid carrying the 5/B gene was called pRWY215 (Fig. 1 (Fig. 4) . The overall yields of the phenylthiohydantoin amino acid derivatives after high-pressure liquid chromatography of each cycle varied from -20 to 50%. The NH2 terminus of the secreted 13- 5/B, was hot determined; however, on the basis of its identical mobility as compared with that of the B. subtilis(pRWY215) product (Fig. 3, lanes 1 and 3) , it would be reasonable to assume that the NH2 termini are the same for both products. DISCUSSION We have cloned the gene for ,-lactamase I of B. cereus 5/B in E. coli and B. subtilis and have sequenced the structural and regulatory regions. Only a low level of penicillinase activity (30 to 50 U/ml) was obtained with the gene cloned in E. coli, even though the plasmid copy number was high. In B. subtilis, on the other hand, 0-lactamase I was produced in large amounts (ca. 14,000 U/ml). With the related 569/H clone, a similar, although less pronounced, preferential production in B. subtilis was observed (7,000 U/mi, as compared with 500 U/ml in E. coli) (19) . Both enzymes were cell bound in E. coli; in B. subtilis, greater than 90% of the enzymes were extracellular.
The B. cereus 5/B gene for ,B-lactamase I is similar in general to that of strain 569/H. The sequences differ by about 11% at the nucleotide level and 14% at the protein level. These differences do not have a major effect on the catalytic activity, substrate specificity, or secretion of the two enzymes (1) . On this basis, we conclude that the penicillinase of strain 5/B is a class A P-lactamase (2) .
The N-terminal regulatory region of the 5/B gene differs somewhat -from that of the corresponding 569/H gene. Both the -35 and -10 promoter sequences differed at a single nucleotide from those suggested for 569/H (30) (Fig. 4) . The Shine-Dalgarno sequence in the 5/B gene is less favorable as an E. coli ribosome-binding site than the corresponding 569/H gene sequence in that an adenosine nucleotide replaces a guanosine nucleotide, making it less complementary to the CCUCC sequence of E. coli 16S rRNA (29) . The nature of the ribosome-binding sites may contribute to the low level of expression of these genes, especially that of the 5/B gene in E. coli. Another possible cause of the low level of expression in E. coli is that both genes use UUG as the translational initiation codon (17) . A potential ATG initiation codon occurs immediately after the Shine-Dalgarno regions, but this arrangement must be spatially unfavorable because the codon actually used is the TTG occurring nine nucleotides from the 3' end of the ribosome-binding site sequence, AGGA (21) . The distribution of UUG as an initiation codon and its efficiency are discussed in Mezes et al. (17) .
The DNA sequence at and beyond the C terminus of the 1-lactamase I of strain 5/B did not contain an obvious transcription termination site in the ca. 200-bp 3' segment available (Fig. 4) . Therefore, it is possible that a polycistronic mRNA is involved.
The signal sequences of the two P-lactamase genes promote efficient secretion and appear to be functionally equiva- (Fig. 3) , and it was thought that the enzymes secreted by B. cereus 5/B and B. subtilis BD170(pRWY215) underwent final processing upstream relative to the sites for the strain 569/H products. The N termini of the two 569/H products produced in B. subtilis(pRWMS) (Fig. 3, lane 4) have already been reported to be His-44 (30.7-kDa band) and Ala-48 (30-kDa band) (17) . It therefore came as a surprise that the N terminus of the secreted 5/B product from B. subtilis(pRWY215) (Fig. 3, lane 3) was also His-44. The discrepancy in the apparent sizes on the SDS-urea gels between the 5/B and 569/H P-lactamase I products (-2.7 kDa) can hardly be explained by the 5/B enzyme having only two additional amino acid residues relative to the 569/H enzyme (Fig. 4) . Investigations are in progress to determine the basis of this anomaly.
